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CHAPTER 1 
INTRODUCTION 
1.1 Antibiotic Resistance as a Global Issue  
Excessive use of antibiotics in human and veterinary settings has a direct correlation with 
biotic and abiotic factors like dissemination of heavy metals, pesticides, insecticides, plastics, 
physicochemical conditions etc., in the soil. These anthropogenic factors act as selective pressure 
upon Antibiotics Resistant Bacteria (ARB) which can promote towards the evolution of bacteria 
from simple ARB to complex untreatable “Superbugs”. Environmental areas that encompass 
anthropogenic pressure such as pharmaceutical manufacturing effluents, aquaculture facilities, 
municipal wastewater systems, chemical industry effluents and animal husbandry facilities are 
determined as hotspots and can be termed as “Hub of ARGs and ARBs” [1].  
1.2 Antibiotic Resistance in the Environment  
Soil consists of a repository of diverse microorganisms. Most of the natural antibiotics 
discovered are produced by soil microbes and hence it’s apparent for microbes to attain resistance 
to antibiotics. There are different classes of antibiotics such as beta-lactams, cephalosporins, 
carbapenems, sulfonamides etc. Environmental compartments that are subjected to anthropogenic 
pressure, such as pharmaceutical manufacturing effluents, municipal wastewater systems, 
aquaculture facilities and animal husbandry facilities are of the major concerns for drug resistance 
[2,3]. Treated or untreated effluents can contaminate the soil which can further contaminate the 
crops grown in such plots. Upon consumption by humans, it can further lead to the development 
of “superbugs” within the human gut microbiota and excretion of them in the form of feces can 
have a detrimental effect on healthy individuals. To keep our environment clean and safe for our 
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future generations, there is an urgent need to screen for ARGs in the soil of urban agricultural 
garden due to a gradual increase in community gardens (in this study - Metro Detroit Area). Soil 
harboring anthropogenic pollutants that can take centuries to degrade completely let out from 
industrial waste which can benefit microbes to be selective for certain resistance genes and can 
incorporate them in their extrachromosomal DNA via Mobile Genetic Elements (MGEs).  
1.3 Role of Antibiotics for the Emerging Superbugs 
Antibacterial drugs are chemotherapeutic agents that are a potent tool to fight against 
clinically relevant pathogenic bacteria at a specific concentration. The discovery of the antibiotic 
penicillin from the culture of fungus, Penicillium notatum in the year 1928 by Sir Alexander 
Fleming was a radical discovery for today’s new classes of antibiotics [4]. By the 1950s, penicillin 
resistance became evident and was a substantial clinical problem [3]. In response, a wide range 
analog of beta-lactam class of antibiotics was discovered and deployed over the years due to abuse 
of antibiotics hence, bacteria attained resistance to these classes of antibiotics by a phenomenon 
called as a Beta-Lactamase cycle. For instance, the discovery of methicillin was in the year 1960 
and the first case of methicillin-resistant Staphylococcus aureus (MRSA) was identified in the 
United Kingdom, the United States in the year 1962 and 1968 respectively [2,5]. New Delhi 
metallo-β-lactamases (NDMs) are the most recent additions to the class of Metallo Beta 
Lactamases (MBL). The emergence of this novel plasmid-encoded MBL family heralds a new 
era of antibiotic resistance due to their ability to hydrolyze almost all clinically avai lable β-
lactam class of antibiotics and rapid worldwide dissemination. 
The term “superbug” can be defined as a bacterium that has acquired resistance to two or 
more classes of antibacterial drugs which can be a challenging task for medical practitioners. [6,7].  
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Unrestrictive and rampant use of antibiotics in developing countries without prescription has 
resulted in a remarkable increase in the infectious bacteria which are Multidrug Resistant (MDR) 
with constantly evolving new genes for survival by the mechanism of resistance to almost all 
known antibiotics [8]. Another contributing factor is the intensive use of antibiotics in animal 
husbandry posing a potential threat to the environment and humans.  A recent report from the 
Centers for Disease Control and Prevention (CDC) evaluate that more than two million people are 
sickened every year due to antibiotic-resistant infections and resulting in nearly 23,000 deaths/year 
[9]. Over the last 30 years, there has been a drastic decrease in companies developing new 
antibiotics due to the multifactorial reasons that are generally attributed to finite commercial 
returns [6]. Hence, there is a demanding need to find out innovative approaches in identifying 
ARGs and establishment of standardized protocols to determine gene copy number to estimate the 
level of contamination of ARGs.  
1.4 Antibiotic Resistance Genes and Antibiotic Resistance Bacteria in the Environment 
A recently published article provided a strong foundation to determine bacterial load, 
indicator organisms in non – clinical settings like Aeromonas spp., Escherichia coli, Enterococcus 
faecalis, Enterococcus faecium, Klebsiella pneumoniae and Pseudomonas aeruginosa carriers of 
potent ARGs like intl-1, Tet-M, Sul-1, Sul-2, blaTEM, blaKPC, blaNDM-1, qnrS, blaCTX-M, 
aac-(6ʹ)-Ib-cr, vanA, mecA , ermB and ermF in soil microbiome [10]. In this study possible 
candidate like intI-1, Sul2, blaTEM and TetM genes frequently occur in the environmental settings 
that are subjected to human activities [10]. Class 1 integron is commonly linked to ARG, and the 
abundance of this gene changes in response to environmental pressures. Class 1 integrons are often 
located on MGEs that can readily transfer between bacteria. The most common class 1 integron, 
intI1 genes, are xeno-genetic assembled under selection pressures imposed by human activities 
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[10,29]. ARGs that are likely to exchange between species are typically associated with MGEs 
acts as vehicles such as integrons, plasmids and transposons. Although bacterial load and ARGs 
in clinically relevant settings are higher than those in environmental samples, it is still of great 
public health importance to characterize and quantify ARGs in environmental samples.  
Most soil bacteria are Viable But Non Culturable (VBNC) and capable of persisting and 
spreading in the environment. Anthropogenic pressure/stressful conditions like low-temperatures, 
high antibiotics and other chemical contaminants enhances their ability of long term survival under 
stress and the ability to revive [11]. If these cells are present, the total number of viable bacteria in 
a sample could be underestimated by the traditional Colony Forming Unit (CFU) count method 
due to inherent non – culturability of VBNC cells [12]. For bacterial species causing human 
infections, non – detection of viable cells in quality control samples from the clinical samples, 
food industry, Waste Water Treatment plants, agricultural lands or water distribution systems may 
pose a serious risk to the public. Also, studies have shown that VBNC cells of E. coli was found 
in processed food [13,27] and those of Salmonella typhimurium were found in soil [14,15]. 
1.5 Tackling Antibiotic Resistance in the Environment  
The rapid global urbanization and extensive anthropogenic activities has intensified the 
worldwide human health risks induced by ARGs. ARGs can replicate and disseminate 
independently in their host bacterial cells via Mobile Genetic Elements and have been recognized 
as emerging environmental pollutants [5,28]. Antibiotic resistance hotspots are found in 
environmental compartments that are subjected to anthropogenic pressure such as animal 
husbandry facilities, aquaculture facilities, pharmaceutical manufacturing effluents and municipal 
5 
 
 
 
wastewater systems [10]. Such hotspots are characterized by high bacterial loads concomitant with 
sub-therapeutic concentrations of antibiotics, providing ideal environment for ARGs and ARB.  
A new era of work on the definition and standardization of protocols and methodologies 
for resistance testing in the environment should be established. This can include the 
implementation of advanced techniques like Next Generation Sequencing, probe based methods 
for quantification of resistance genes such as molecular beacons targeting the conserved regions 
identical to clinical isolates. Quantification data (gene copy number) and sequence comparison 
between diseased individual and environmental ARG would provide important information on the 
public health significance of environmental ARG. Implementing High Throughput Quantitative 
PCR (qPCR) for standardization of gene copy numbers by careful monitoring of primer sets, Good 
Laboratory Practices and precise DNA extraction techniques is needed.  
1.6 Culturing and Non-Culturing Methods in the Detection of Antimicrobial Resistance 
A wide array of antibiotic resistance detection techniques is available. The most widely 
used method in clinical microbiology is by measuring bacterial growth in the presence of antibiotic 
based on the phenotypic detection of antibiotic resistance. Such methods include agar dilution (the 
gold standard for the antibiogram), broth microdilution and microdilution, strips with an antibiotic 
gradient (E- test) and Disk Diffusion method. These conventional methods can take up to 24 hours 
to obtain the results. From the past decade scientists and engineers have focused on reducing the 
detection time with improved techniques, such as molecular techniques, microarrays, commercial 
methods, bioluminescence and chemiluminescence, colorimetric methods, 
immunochromatographic techniques, imaging methods, microfluids and bacterial lysis methods, 
nephelometry, Matrix Assisted Laser Desorption/Ionization – Time Of Flight (MALDI-TOF), 
mass spectrometry and flow cytometry [16]. Although these advanced techniques can be precise 
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and accurate, their disadvantages include probability of obtaining false positive and false negative 
errors that cannot be eliminated due to skill based errors, cross contamination, laboratory practices 
etc. Polymerase Chain Reaction (PCR) and real-time PCR, also known as quantitative PCR 
(qPCR), are the two major molecular techniques implemented to identify ARGs and ARBs. qPCR 
is accurate, sensitive, high throughput, yields results in a few hours, and allows for quantitative 
and qualitative determination of sample DNA. 
This study was aimed to evaluate the level of ARGs contamination in the environment by 
qPCR. A recently published article provided a list of candidate genes and indicator bacteria 
occurring in the environmental settings that are subjected to intense human activities [10]. Most 
of the current databases like European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) determine Epidemiological Cut OFF (ECOFF) value which do not relate to the 
therapeutic efficiency [10]. However, ECOFF estimates use databases in which the number of 
clinical isolates is several orders of magnitude higher than that of isolates of environmental origin. 
Thus, our study can serve as a groundwork and supplement above mentioned databases with data 
from environmental species and isolates. 
1.7 Origin of Class 1 Integron and The Rise of Antibiotic Resistance  
Environmental dissemination of ARGs has become an increasing concern for public health. 
Class 1 integrons are main players in the global problem of antibiotic resistance, because they can 
capture and express diverse resistance genes. They are often embedded in promiscuous plasmids 
and transposons, facilitating their lateral transfer into a wide range of pathogens [30]. In the 
environmental samples class 1 integron (intI1) exhibits considerable sequence diversity, whereas 
the clinical intI1 has a consistent conserve sequence [29]. In this study ARGs belonging to the 
classes of tetracyclines (TetM), β – Lactams (blaTEM) and sulfonamides (Sul2) were target genes 
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due to their frequent occurrence in the environmental settings subjected to human activities [10]. 
Previous studies have claimed that class 1 integron is used as a proxy for anthropogenic pollution 
[10,29]. Studies have also shown a significant correlation between the clinical class 1 integron and 
gene cassettes encoding resistance to sulfonamides, tetracyclines and β – Lactams [29,30]. The 
prevalence of ARGs, ARBs with high level of MGEs in the environment can potentially increase 
the risk of gene dissemination and environmental pollution and threaten the public health. Our 
current study primarily focuses on the quantification of soil ARGs, the correlation between MGEs 
and ARGs, and predicting the possible biological contamination in soil. This study can serve as a 
foundation to bridge the findings between environmental ARGs and the clinical implications of 
environment pollutants.   
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CHAPTER 2 
 
MATERIALS AND METHODS 
2.1 Soil Sampling 
Soil samples were collected during the summer of 2015 across three urban community 
gardens namely “E”, “G”, and “O” (Figure 1). At each sampling spot a sample weighing 
approximately 350 – 450 grams was collected using a sterile soil sampler washed with 70% ethanol 
between samplings. Samples were sealed in sterile zip-lock bags, labelled accordingly, and 
transported to the laboratory on ice and stored at -20º C before analysis.  
2.2 DNA Extraction 
 
DNA from 43 soil samples (33 from Garden E, 5 from Garden G, and 5 from Garden O) 
weighing 0.25g was extracted using MoBio PowerSoil DNA kit (MO BIO, Carlsbad, CA) 
according to the manufacture’s protocol. DNA concentrations were measured using 
spectrophotometry at a wavelength of 260 nm and calculated according to the formula: DNA ng/µl 
= Optical Density (OD)260 nm X 100 X dilution factor and stored at -20° C before downstream 
analysis.  
2.3 qPCR Primer Design 
Primer sequences were either obtained from literature (16S rRNA, blaTEM, intl-1, and TetM) 
or designed in this study (sul2) (Table 1). The reference gene sequences for Sul-2 were retrieved 
from GenBank (https://www.ncbi.nlm.nih.gov/genbank/). Based on the conserved domain in the 
sul2 gene, a comprehensive analysis and Multiple sequence alignment were carried out using 
CLUSTAL W Algorithm (https://www.ebi.ac.uk/Tools). qPCR primer set for sul-2 gene was 
designed using Primer-BLAST tool (https://www.ncbi.nlm.nih.gov/tools/primer-blast/), where the 
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primer set met the general thumb rule with the percentage of G+C content was between 30 – 80 % 
mol, amplicon length of 106 – 200 bp. The specificity was manually verified using Basic Local 
Alignment Search Tool (BLAST). All primer sets were synthesized by Eurofins Genomics 
(Louisville, KY).  
2.4 Establish Positive Control for qPCR 
All PCR assay was conducted in 50 µl volume reaction using an Eppendorf thermal cycler 
(USA scientific, Orlando, FL). The PCR mixture consisted of 25 µL GoTaq Green Master Mix, 2 
× (Promega, Madison, WI), 0.5 μM each of forward and reverse primer, 20 μL of nuclease-free 
water and 4 μL of template DNA. The temperature program was initially denatured at 95 ºC for 
15min, followed by 35 cycles of denaturation at 95 ºC for 30 s, 30 s at different annealing 
temperatures (Table 1) and extension at 72 ºC for 30 s, with a final extension step for 10 min at 
72 ºC. PCR products were analyzed by electrophoresis on a 1.5% agarose gel and visualized under 
UV light using the transilluminator (Bio-Rad Laboratories, Hercules, CA). Duplicate PCR 
reactions were performed for each sample to ensure reproducibility and sterile nuclease-free water 
was used as the negative control in every run.  
After PCR amplification, gel slices of an agarose gel containing the desired PCR products 
were excised aseptically and purified using Purelink Quick Gel Extraction Kit (Invitrogen, 
Carlsbad, CA). The purified PCR product was ligated into a pCR 2.1 Topo-TA cloning vector 
(Invitrogen, Carlsbad, CA) and then cloned into chemically competent E. coli DH5α cells. 
Plasmids carrying the target genes were extracted with Purelink Plasmid Miniprep Kit (Invitrogen, 
Carlsbad, CA). Clones containing the desired gene of interest were selected. The gene of interest 
in the inserts was verified as the object of ARGs and 16S rRNA using the BLAST alignment tool 
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(https://blast.ncbi.nlm.nih.gov/). Clones with the desired gene of interest were chosen as the 
positive control for quantitative PCR as well as the standards for real-time PCR.  
2.5 Quantitative Real Time PCR Assay Methods  
The absolute copy number of 16S rRNA gene and other target genes (intl-1, Sul-2, Tet-M and 
blaTEM) were quantified by Bio-Rad CFX96 based on the fluorescent dye SYBR-Green I (Table 
2). The 16S rRNA gene was included to quantify the total bacterial population and to normalize 
the abundance of ARGs in the soil samples. A plasmid carrying target genes were used to generate 
calibration curves and their concentrations were measured with a spectrophotometer (Nano-Drop). 
With the known concentration and amplicon length of the target genes, the Gene Copy Numbers 
(GCN) were calculated directly from extracted plasmid DNA as described previously: Gene copies 
=        
(DNA concentration
ng
µl
) (
1g
10003ng
) (
1 mol bp DNA
660 ng  DNA
) x (
6.023 x 1023bp
mol bp
)  𝑥 (
1 copy
genome or plasmid size (bp)
)  
𝑥 ( volume of template µl).  
[19]. Eight-point calibration curves from a 10 – fold serial dilutions of a known copy number of 
the plasmid DNA were generated to produce a standard curve. Each qPCR reaction (10 µl) 
consisted of 5 µl Sso Advanced Universal SYBR Green Supermix (Bio-rad, Hercules, CA), 1 µM 
each primer, 2 µl of DNA template, 2 µl nuclease – free water. Amplification was conducted using 
Bio-Rad CFX96 (Bio-Rad, Hercules, CA) as follows: Initial denaturation 95 ºC-10 min, followed 
by 40 cycles of denaturation 95 ºC for 30 s, 30 s at the annealing temperatures (Table 2). All the 
qPCRs were performed in technical triplicates with negative control as E. coli 25922 strain and 
nuclease free water as no template control (Figure 2).  Product specificity was confirmed by melt 
curve analysis (65 – 95 ºC), electrophoresed on a 1.5% agarose gel and visualized under UV light 
using the transilluminator (Bio-Rad Laboratories, Hercules, CA).  
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2.6 Statistical Analysis 
All qPCR data were normalized among samples by dividing the copy numbers by 16S 
rRNA gene copy number, and subsequently multiplied by four to approximate the copies per cell 
(the average number of 16S rRNA genes per bacterial cell is estimated to be four based on the 
Ribosomal RNA Operon Copy Number Database. Pearson correlation coefficient was determined 
by SPSS V25.0 (IBM, Chicago, IL). Graphs were generated using Microsoft Excel V1708.0.   
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CHAPTER 3  
RESULTS  
3.1 Bacterial Load in Urban Agricultural Soil  
Soil samples were collected from 3 gardens (33 from Garden E, 5 from Garden O, and 5 from 
Garden G) (five replicates for each sampling spot) and total of 43 samples. The abundance of soil 
bacteria as measured by 16S rRNA copy number that varied over four orders of magnitude (~5.2 
x 108 to 6.6 x 1011 copies per gram of soil) (Figure 3). Among the 3 gardens bacterial 
contamination was high in garden “E” (6.79 x 1010 ± 3.2 x 1010 copies/gram of soil) followed by 
“G” (6.71 x 109 ± 2.52 x 1010 copies/gram of soil) and “O” (6.66 x 109 ± 2.53 x 1010 copies/gram 
of soil) (Figure 4). The clone libraries of 16S rRNA amplicons of 1504bp obtained from 3 gardens 
were constructed and sequenced successfully to confirm the gene identity.  
DNA Sequencing was carried out in Eton Bioscience Laboratories, NJ and the sequenced 16S 
rRNA gene was subjected to a highly curated, annotated and user-friendly BLAST similarity 
search tool. BLAST searches of the GenBank database confirmed that all the 16S rRNA sequence 
matched the sequence identities greater than 90%. For sequences that exhibited more than 90% 
identity was considered for tree construction. Nucleotide sequences of 16S rRNA were aligned 
using Multiple Sequence Alignment (MSA) program CLUSTAL W. The Neighbor-Joining (NJ) 
trees were constructed using MEGA V7.0.26(http://megasoftware.net). The significance of the 
nodes was evaluated using bootstrap analysis with 1000 replicates (Figure 5). A phylogenetic tree 
of 16S rRNA sequence is shown in Figure 5 where significance level p < 0.05 is observed in 
Bacteroides spp.  
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3.2 The Occurrence of ARGs in Soil Samples 
Quantitative PCR was performed to examine the diversity and abundance of resistance genes 
(intl-1, Sul-2, blaTEM and Tet-M) in the soil samples across three different sampling spots (Figure 
2). A total of 4 resistance genes and 16S rRNA gene were targeted and quantified based on the 
bacterial indicators to assess the antibiotic resistance status in the urban agricultural farms. There 
was no significant correlation between absolute abundance of ARGs and the estimated 16S rRNA 
gene (Data not shown). A significant correlation was seen upon normalization of intI1 and Sul2 to 
16S rRNA gene (Figure 6, Figure 7 and Table 3). All 3 community gardens showing tetracycline 
resistance (91.3%) and sulfonamides (100%) are shown in Table 4. The diversity of ARGs in all 
3 gardens was similar (Table 4). For example, Garden “E” confer resistance to more than two 
classes of antibiotics namely beta-lactams, blaTEM (96.9%); Tetracyclines, Tet-M (93.9%) and 
Sulfonamides, Sul-2 (100%) (Table 4 and Figure 8). The ARGs detected in all the 3 soil samples 
were abundant ranging from ~ 0.64 x 101 to ~3.58 x 104 gene copies per gram of soil. All the three 
ARGs genes detected in all the 3 gardens in soil samples conferred resistance to most commonly 
used antibiotics in animal husbandry sector namely Tetracyclines, Sulfonamides, and beta lactams. 
Tetracycline, sulfamethoxazole, and beta lactamase resistance genes found in all the 3 gardens 
with an absolute abundance of 7.87 x 103 copies gram-1, 3.84 x 104 copies gram-1 and 1.22 x 104 
copies gram-1 respectively (Figure 9).  Significant correlation with p < 0.05 was observed between 
blaTEM and Tet-M gene (Table 5). 
3.3 Distribution of Class 1 Integron in the Soil Samples 
The total copy numbers of intl-1 gene varied over five orders of magnitude (8.02 x 101 to 
5.12 x 106 gene copies per gram) (Figure 10 and Figure 2). The abundance of intl-1 gene was 
high in Garden O (5.12 x 106 copies per gram) followed by Gardens E and G (5.07 x 106 and 3.01 
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x 106 copies per gram respectively). IntI-1 copy number per gram of sample is higher than 
normalized copy number per bacterial cell (Figure 11). Sample E-59 showed minimum intI-l 
GCN/ gram of sample and intI-1GCN/16S rRNA upon normalization (~8.02 x 101 copies/gram 
and ~1.23 x 10-5 copies/bacterial cell) (Figure 12). Sample “O-61” showed the highest amount of 
intI-1 GCN/ gram of sample ~5.12 x 106 and Sample “E-31” displayed the highest amount of intI-
1 GCN/16S rRNA ~1.58 x 102 (Figure 12). A Pearson’s correlation showed significance level of 
p < 0.05 between intI-1 copies per 16S rRNA gene and Sul-2 copies per 16S rRNA gene (Table 
3). Figure 6 and Figure 7 depicts mean copy number of intI1 and Sul2 copies per 16S rRNA gene 
and copies per gram of soil sample respectively.  Also, there was a significant correlation between 
Sul-2 and blaTEM gene copies per bacterial cell with p < 0.01 (Table 5). Therefore, MGEs like intI-
1 carrying sulfonamide class of resistance genes can be a potential indicator for the co-occurring 
ARGs which can have a clinical relevance like Extended Spectrum Beta-Lactamase (ESBL) genes 
due to selective pressure.  
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CHAPTER 4 
DISCUSSION 
4.1 Bacterial Communities in the Soil of Urban Agricultural Gardens.  
Quantification of total bacteria in the soil sample was carried out by amplification of 16S rRNA 
gene using the universal primers. Garden “E” is in its proximity to hospitals, lakes and Waste 
Water treatment plant displayed abundance in bacterial community ~3.3 x 109 copies gram-1 
followed by sample “O” (~2.23 x 107 copies gram-1) and sample “G” (~2.09 x 107 copies gram-1) 
(Figure 1 and Figure 4). This suggests that environmental factors, location of the garden plays a 
crucial role in selection and co-selection of ARGs. Also, bacterial community may not be the only 
factor influencing the resistance profile. Anthropogenic factors can be a definitive criterion. 
Significant correlation was observed between TetM and blaTEM (p < 0.01) (Table 5). A 
phylogenetic tree of 16S rRNA sequence is shown in Figure 5 where significance level p < 0.05 
is observed in Bacteroides spp. A survey conducted in 2002 states that Bacteroides spp. are 
becoming increasingly resistant to antibiotics particularly to Macrolide-Lincosamide-
Streptogramin (MLS) and Tetracycline groups of antibiotics [23]. Conjugative transposons in 
Bacteroides spp. are responsible for most of the antibiotic resistance gene transfer within the 
species and between different genera [24]. Also, this study correlates the abundance contamination 
of bacterial community in the soil, sequence similarity and phylogenetic characterization of 16S 
rRNA gene to Bacteroides spp. which act as a potential fecal contaminated region and indicator 
microorganisms to carry MDR gene in low copy number due to their VBNC state in the 
environment. Bacteroides are abundant and are in a good position to transfer conjugative 
transposons to other microbes in the human and animal intestine. Conjugative transposons, 
plasmids and integrons that have the ability to transfer ARGs into other pathogenic bacteria via 
16 
 
 
 
HGT can increase the copy number of ARB and hence become clinically relevant. A recent study 
states that few bacterial groups and genetic determinants are used to assess the antibiotic resistance 
status in environmental settings [10]. 
4.2 The Occurrence of ARGs in Soil Samples  
A very high level of ARGs were detected in all the samples. The diversity of ARGs per gram of 
soil was comparatively higher than normalized copy number per bacterial cell. ARGs conferring 
resistance to tetracyclines, β-lactams, and sulfonamides were abundant in all 3 gardens (Figure 8). 
A recent report in 2013 has stated that tetracyclines were the most sold antibiotic class for 
administering to food-producing species followed by penicillin and sulfonamides [20]. A study 
conducted in 1992, stated that 22% of the total annual production was for tetracyclines where less 
than half of its production was destined for the clinical use and the rest was added to the animal 
feed for the prophylactic control of disease and to stimulate weight gain [21]. Also, the stability 
and half-life of antibiotics in the environment should be considered too. Tetracycline antibiotics 
are stable in the environment and their activity remain unchanged upon human defecation when 
stored at room temperature.  
4.3 Distribution of Clinical Class 1 Integron Integrase Gene in the Soil  
Class I integron-integrase (intI1) gene was detected in all 3 gardens. Clinical class 1 integrons are 
prominent for their ability to acquire and disseminate antibiotic resistance genes as gene cassettes. 
Primers used to detect intI1 in the qPCR assay was based on the clinical variant of intI1 [13]. The 
absolute abundance of intI1 amongst all the 3 gardens was approximately 5.12 x 106 copies gram-
1 (Figure 11 and Figure 12). These clinical class 1 integron could be a potential source for 
harboring TetM, Sul2 and blaTEM gene in soil samples. A Pearson’s correlation showed a 
significant correlation between blaTEM and sul2 p < 0.01. Also, correlation was observed between 
17 
 
 
 
intI1 and Sul2 gene p < 0.05 (Table 3). Studies have focused on aerobic bacteria that are culturable 
and quantifiable. Anaerobes can also be a potential indicator organism for harboring ARGs 
facilitating human gut environment in the soil. A study conducted in 1984 suggested that presence 
of tetracycline resistance gene in the chromosome of Bacteroides [22]. The results strongly suggest 
that presence of clinical class 1 integron and ARGs are interdependent. Since most of the ARGs 
present on the extrachromosomal DNA like plasmid should be screened and then analysis in 
detecting ARGs should be carried out.  
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CHAPTER 5 
CONCLUSION  
Urban agricultural soil samples harbor high concentrations of tetracycline, sulfonamide, beta-
lactams resistance genes and class 1 integron. This suggests that ARGs are common in the 
environment and they can be shaped by agricultural practices, history of land usage, and other 
human activities. The total abundance of class 1 integron was correlated with sul-2 gene indicating 
a potential role of integrons in the propagation of ARGs in the urban agricultural farms. Also, a 
strong correlation was observed between sul-2 and blaTEM upon normalization to 16S rRNA gene. 
BLAST search and phylogenetic analysis of 16S rRNA sequencing results identified Bacteroides 
spp., a common commensal bacterium in human and animal GI tract, suggesting possible fecal 
contamination in urban agricultural soil. This study collected much-needed information on the 
level of ARGs and MGEs in the environmental settings which will help researchers understand the 
possible mechanisms of the prevalence and persistence of ARG in the environment.  
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Figure 1: Route map showing the sampling spots of urban agricultural gardens “E”, “G” and “O”.   
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Table 1: PCR Primer Set Used In This Study 
Target 
Genes  
 
Primer set Sequence Reference Annealing 
temperature 
Ta (ºC) 
Amplicon length 
 
 
Intl-1 
 
 
Sul-2 
 
 
Tet-M 
 
 
blaTEM 
 
 
16S rRNA 
 
 
 
Intl-1F   
Intl-1R  
 
Sul-2F   
Sul-2R   
 
Tet-M F 
Tet-M R 
 
blaTEM F  
blaTEM R  
 
27    -  F 
1492-  R 
 
 
CGAACGAGTGGCGGAGGGTG 
TACCCGAGAGCTTGGCACCCA 
 
AACCGCCTTGTCCTTGATCC 
GACAGAAGCACCGGCAAATC  
 
CATCATAGACACGCCAGGACATAT 
CGCCATCTTTTGCAGAAATCA 
 
AGTATTCAACATTTCCGTGTCG 
GCTTAATCAGTGAGGCACCTATC 
 
AGAGTTTGATCMTGGCTCAG 
CGGTTACCTTGTTACGACTT 
 
 
Zhu et al., 2017 
 
 
In this study 
 
 
Zhu et al., 2017 
 
 
Maleki et al., 2018 
 
 
Jiang et al., 2006 
 
 
60 
 
 
61 
 
 
60 
 
 
61 
 
 
50 
 
 
312 bp 
 
 
122 bp 
 
 
101 bp 
 
 
850 bp 
 
 
1504 bp 
 
 
 
Table 2: Description of The Primers and Protocols Used In Real-Time PCR Assays 
Target 
Genes 
Primer set Sequence                        Source Amplico
n length 
Thermal cycling 
conditions 
Calibration 
curve 
R2  
Value 
Intl-1  
 
 
 
 
Sul-2         
   
 
 
 
Tet-M 
 
 
 
 
 
blaTEM 
 
 
 
 
 
16S 
rRNA      
Intl-1F   
Intl-1R  
 
 
 
Sul-2F   
Sul-2R   
 
 
 
Tet-M F 
Tet-M R 
 
 
 
 
blaTEM F  
blaTEM R  
 
 
 
 
16S rRNA-F 
16SrRNA-R       
CGAACGAGTGGCGGAGGGTG 
TACCCGAGAGCTTGGCACCCA 
 
 
 
AACCGCCTTGTCCTTGATCC 
GACAGAAGCACCGGCAAATC    
 
 
 
CATCATAGACACGCCAGGACATAT 
CGCCATCTTTTGCAGAAATCA 
 
 
 
 
CGCCGCATACACTATTCTCAG 
GCTTCATTCAGCTCCGGTTC 
 
 
 
 
GGGTTGCGCTCGTTGC 
ATGGYTGTCGTCAGCTCGTG 
 
Zhu et 
al., 
2017 
 
 
In this 
Study 
 
 
 
Zhu et 
al., 
2017  
 
 
 
- 
 
 
 
 
 
Zhu et 
al., 
2017 
 
 
312 bp 
 
 
 
 
122 bp 
 
 
 
 
101 bp 
 
 
 
 
 
239 bp 
 
 
 
 
 
60 bp 
95 ºC for 10 min; 
95 ºC for 30 s, 60 
ºC for 30 s (40 
cycles) 
 
95 ºC for 10 min; 
95 ºC for 30 s, 61 
ºC for 30 s (40 
cycles) 
 
95 ºC for 10 min; 
95 ºC for 30 s, 60 
ºC for 30 s (40 
cycles) 
 
 
95ºC for 10 min; 
95ºC for 30 s, 
59ºC for 30 s (40 
cycles) 
 
 
95ºC for 10 min; 
95ºC for 30 s, 
60ºC for 30 s (40 
cycles) 
y = -4.035 logX 
+ 42.852 
 
 
 
y = -4.009 logX 
+ 45.441 
 
 
 
y = -3.547 logX 
+ 40.538 
 
 
 
 
y = -3.736 logX 
+ 43.509 
 
 
 
 
y = -4.45 logX 
+ 62.116 
96.2% 
 
 
 
 
98.7% 
 
 
 
 
99.7% 
 
 
 
 
 
96.3% 
 
 
 
 
 
99.0% 
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Figure 2: Quantification of MGE(intI1), ARGs (blaTEM, TetM, Sul2) and their respective 
standard curves: qPCR amplification curves of intl-1 (A), blaTEM (B), Tet-M (C), and Sul-2 (D).  
108 106 104 102 
108 106 104 102 
108 106 10
4 102 
108 106 104 102 
(A) 
(B) 
(C) 
(D) 
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Figure 4: Magnitude of Bacterial load within the 3 gardens - Error bars represent Standard 
Deviation (SD). Number of samples in each garden: E – 33, G – 05, O- 05.  
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Figure 5: Neighbor-Joining (NJ) phylogenetic tree of 16S rRNA gene sequences (1504bp) 
detected in 3 gardens (E, G, O). Statistical significance p < 0.05 are indicated at nodes. The 
GenBank Accession numbers are: NR_112933.1, NR_113207.1, NR_113070.1, NR_112895.1, 
NR_041307.1, NR_042203.1, NR_042203.1, NR_145587.1, NR_146692.1, NR_118269.1, 
NR_116762.1, NR_153732.1, NR_122087.1, NR_146693.1, NR_146691.1. 
Sample
: “G” 
Sample: 
“E”  
Sample: 
“O” 
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Figure 6: Mean copy number of intI1 and Sul2 gene in soil samples – Number of Samples:  
E - 33, G - 05, and O - 05. Error bars represent Standard Deviation(SD).  
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Table 3: Correlation of Normalized Abundance of ARGs   
 
Correlations 
 tetMcopies intl1copies 
sul2copie
s blaTEM copies 
tetMcopies Pearson Correlation 1 .007 .300 .283 
Sig. (2-tailed)  .970 .051 .066 
N 43 35 43 43 
intl1copies Pearson Correlation .007 1 .371* .205 
Sig. (2-tailed) .970  .028 .237 
N 35 35 35 35 
sul2copies Pearson Correlation .300 .371* 1 .409** 
Sig. (2-tailed) .051 .028  .006 
N 43 35 43 43 
blaTEMcopies Pearson Correlation .283 .205 .409** 1 
Sig. (2-tailed) .066 .237 .006  
N 43 35 43 43 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 4: Frequency Table Showing Prevalence Of ARGs In Individual Soil Samples 
Sample Tet-M  Intl-1 Sul-2 blaTEM 
E-07 + + + + 
E-08 - + + + 
 E-09 + - + + 
E-11 + + + + 
E-13 + + + + 
E-15 + + + + 
E-16 - - + - 
E-17 + + + + 
E-18 + + + + 
E-19 + - + + 
E-20 + + + + 
E-21 + + + + 
E-22 + + + + 
E-28 + + + + 
E-29 + + + + 
E-31 + + + + 
E-35 + + + + 
E-37 + + + + 
E-38 + + + + 
E-44 + + + + 
E-45 + + + + 
E-46 + + + + 
E-47 + + + + 
E-48 + + + + 
E-49 + + + + 
E-50 + + + + 
E-53 + + + + 
E-54 + + + + 
E-55 + + + + 
E-57 + - + + 
E-58 + + + + 
E-59 + + + + 
E-63 + + + + 
G-01 + - + + 
G-05 + + + + 
G-33 + + + + 
G-61 + + + + 
29 
 
 
 
 
 
 
 
 
 
+: Present; -: Absent 
a Frequency was calculated as the number of positive detection in total of 43 soil samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
G-65 + + + + 
O-01 + + + + 
O-05 + + + + 
O-33 + + + + 
O-61 + + + + 
O-65 - + + + 
Frequency  
Index a 
40/43 38/43 43/43 42/43 
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Table 5: Correlation of Total Absolute Abundance Resistance Genes per Gram of Sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Correlations 
 
16S 
rRNA 
ARGs 
Average intl1 sul2 tetM blatem 
16S rRNA Pearson 
Correlation 
1 -.039 .068 -.015 -.003 -.099 
Sig. (2-tailed)  .805 .668 .925 .984 .538 
N 42 42 42 42 39 41 
ARGs  
Average 
Pearson 
Correlation 
-.039 1 -.109 .874** .348* .268 
Sig. (2-tailed) .805  .485 .000 .028 .087 
N 42 43 43 43 40 42 
intl1 Pearson 
Correlation 
.068 -.109 1 -.077 .073 -.118 
Sig. (2-tailed) .668 .485  .625 .653 .457 
N 42 43 43 43 40 42 
sul2 Pearson 
Correlation 
-.015 .874** -.077 1 .026 -.192 
Sig. (2-tailed) .925 .000 .625  .872 .224 
N 42 43 43 43 40 42 
tetM Pearson 
Correlation 
-.003 .348* .073 .026 1 .433** 
Sig. (2-tailed) .984 .028 .653 .872  .005 
N 39 40 40 40 40 40 
blaTEM Pearson 
Correlation 
-.099 .268 -.118 -.192 .433** 1 
Sig. (2-tailed) .538 .087 .457 .224 .005  
N 41 42 42 42 40 42 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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The increased dissemination of antibiotic resistance genes and their acquisition by 
clinically relevant microbes in the environmental setting is becoming a global alarming issue. 
Environmental areas that encompass anthropogenic pressure such as pharmaceutical 
manufacturing effluents, aquaculture facilities, municipal wastewater systems, chemical industry 
effluents and animal husbandry facilities are hotspots of ARGs and ARBs. The main objective of 
the present study was to investigate the prevalence, identification, and quantification of class 1 
integron (intI1) and common antibiotic resistance genes (Sul2, TetM, blaTEM) in urban agricultural 
soil. Quantitative PCR was implemented to determine the abundance of ARGs in the soil. 
Standardization of intI1 gene copy number (106 copies gram-1) and ARGs (Sul2, TetM, blaTEM) 
was performed and the absolute abundance of resistance genes was normalized by bacterial cell. 
Correlation between intI1 and Sul2 gene with significance level of p < 0.05 was observed. This 
study suggests that ARGs are common in the environment including urban agricultural soil that 
receives no animal wastes or wastewater. Mobile genetic elements (MGE) may play an important 
role in spreading ARGs in the environment. 
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